Purification and Properties of the gp340 Component of Epstein-Barr Virus
Membrane Antigen in an Immunogenic Form (Accepted 4 October 1982) 
SUMMARY
Preparative SDS-polyacrylamide gel electrophoresis has been used in the purification of the gp340 component of Epstein-Barr (EB) virus-determined membrane antigen (MA), in tractable quantities, from the B95-8 marmoset lymphoblastoid cell line. Successful renaturation of the purified molecule was achieved. This procedure gave a 50-fold increase in the recovery of antigen compared to conventional techniques. The data suggest that the antigenic sites recognized by human sera containing antibodies to MA are largely confined to the protein portion of the molecule. An eightfold improvement in the yield of gp340 was obtained when B95-8 cells were cultured in the presence of 12-O-tetradecanoyl-phorbol-13-acetate. Gel filtration studies indicate that the major polypeptide components of MA are not associated in detergent solution. Immunization of rabbits with purified and renatured gp340 resulted in the generation of high-titre antisera which were specific for gp340, demonstrating that antigen prepared by this procedure is suitable for further evaluation as an experimental vaccine against EB virus infection.
Epstein-Barr (EB) virus is associated with widespread inapparent infection in man and is the cause of infectious mononucleosis (Henle & Henle, 1979) ; it is also strongly implicated in the aetiology of two human neoplasias, Burkitt's lymphoma (BL) (Epstein & Achong, 1979) and nasopharyngeal carcinoma (Klein, 1979) . In view of the close relationship between virusneutralizing antibodies and antibody to the EB virus-related membrane antigen (MA) displayed on virus-producing cells (Pearson et aL, 1970 (Pearson et aL, , 1971 Gergely et al., t971 ; de Schryver et al., 1974) , it has been suggested that an MA-based vaccine could provide a means of protecting against EB virus infection (Epstein, 1976) . More recent investigations have confirmed the feasibility of this approach since it is now clear that MA glycoproteins are expressed on the virus envelope (North et al., 1980) , that antibody to the two highest molecular weight MA components is virus-neutralizing (North et al., 1980; Hoffman et al., 1980; Thorley-Lawson & Geilinger, 1980) , and that experimental immunization of rabbits with cell membrane fractions expressing MA induces the formation of neutralizing antibody (Thorley-Lawson, 1979) . However, complete purification of the appropriate antigens is required to ensure the elimination of all potentially oncogenic EB virus DNA.
EB virus-carrying marmoset lymphoblastoid cell lines provide the best source for the isolation of MA since such lines usually express more of this antigen than comparable human lines. The B95-8 marmoset line in particular has the added advantage of expressing predominantly only one of the two largest glycoproteins of the complex (gp340) (North et al., 1980; Qualti6re & Pearson, 1980; Edson & Thorley-Lawson, 1981) , thus simplifying purification. The present paper reports details of a rapid preparative procedure, exploiting the unusually high apparent molecular weight of gp340, which provides good yields of this polypeptide in an immunogenic form.
B95-8 marmoset lymphoblastoid cells (Miller et al., 1972) were grown as described by North et at. (1980) . When MA, isolated by immunoprecipitation from lysed, lactoperoxidase-labelled B95-8 cells (North et al., 1980) which had been grown with or without 20 ng/ml 12-0-tetradecanoyl-phorbol-13-acetate (TPA; Sigma, Poole, Dorset, U.K.) (Hudewentz et al., 1980) was analysed by sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) (Laemmli, 1970) and autoradiography, it was found that the amount of gp340 was increased 0022-1317/83/0000-5313 $02.00© 1983 SGM Immunoprecipitations were carried out on lysates from equivalent cell numbers using HS18 (MA + ve) serum (North et aL, 1980) . Approximate molecular weights are indicated, based on the mobility of marker polypeptides. Fig. 2 . Binding of ~zSI-gp340 (prepared by Ultrogel AcA22, Ricin-agarose, and Sepharose CL-6B chromatography) (North et al., 1982a) to HSI8 (MA + ve) (0) and HS15 (MA -ve) (A).
following the treatment with TPA ( Fig. 1) . After excision and counting of the radiolabelled gp340, the increase was found to be 8.5-fold, a result which matches well with the 6.8-times increase in gp340 after exposure to T P A found in other studies using a radioimmunoassay (North et al., 1982a) . Furthermore, the T P A did not appear to have any qualitative effect on the polypeptide composition of M A (Fig. 1 , compare lanes a and b). Bulk cultures for production of MA were therefore treated with T P A 6 days before use. The cells were disrupted and the cellular membranes harvested essentially by the method of Crumpton & Snary (1974) except that the membranes were collected, after removal of nuclei and mitochondria, by a single centrifugation step of 1.2 x 107g (av.) x rain. l zSI-gp340, prepared as described elsewhere (North et al., 1982a) , retained its antigenicity, since up to 7 5~ could be bound by human serum with high activity to EB virus M A (HS18) (North et al., 1980 (North et al., , 1982a (Fig. 2) . Although a low level of counts was observed in the pellets when using a normal human serum from an EB virus seronegative donor (HS15) (Fig. 2) , as a single wash of the antigen-antibody complexes reduced this to negligible levels (data not shown), it was concluded that such binding represented non-specific trapping of antigen in the Protein A-Sepharose pellets. 12SI-gp340 was used both as a marker for further studies on gp340 purification and also in a radioimmunoassay to measure the concentration of unlabelled gp340 in various samples (North et al., 1982a) . Use of this assay allowed estimation of the yields of antigen obtained through each individual step in the original purification of gp340 and thereby permitted modifications leading to an efficient larger-scale preparative procedure. Gel chromatography of B95-8 membrane proteins on Ultrogel AcA22 (LKB, Bromma, Sweden) in 0.5~o sodium deoxycholate showed that the polypeptide components ofAhe MA complex migrate independently according to their apparent molecular weights on SDS-PAGE (data not shown), indicating that they are not associated under non-denaturing conditions. This observation excludes the possibility that the recognition of both high molecular weight MA components by individual monoclonal antibodies (Thorley-Lawson & Geilinger, 1980; Franklin et al., 1981; Strnad et al., 1982 ) is due to the aggregation of these molecules in cell lysates (Mueller-Lantzsch et al., 1981) , and therefore strongly supports the hypothesis that such recognition is through common antigenic determinants (Franklin et al., 1981 ; Epstein & North, 1982) . Moreover, the independent mobility of MA components in the absence of reducing agents demonstrates that the components are not linked by interchain disulphide bonds. Although the separation of gp340 from the majority of membrane proteins was substantial, leading to a 10-fold purification, the overall antigen yields were low, and this procedure was avoided for large-scale preparations.
When a gp340-containing pool eluted from Ricin communis Agglutinin II-agarose (Ricinagarose) (Vector Laboratories, Burlingame, California) (Thorley-Lawson & Edson, 1979) was analysed by radioiodination and SDS-PAGE (Fig. 3) , a major radiolabelled polypeptide was visible in the 340K (kilodalton) region without immunoprecipitation (Fig. 3, track a) . This
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polypeptide was identified as gp340 by its ability to bind HS18 serum (MA + ve) (Fig. 3, track  b) . Although gp340 appeared to be a dominant radiolabelled polypeptide in such gels, Coomassie Brilliant Blue staining for protein revealed considerable heterogeneity and gp340 proved to be only a minor component in material eluted from Ricin-agarose (Fig. 3, track c) . It is thus clear that gp340 is unusually susceptible to radioiodination and is selectively labelled in the membrane protein mixture, causing overestimates of both its purity and concentration when judged by autoradiography alone.
Since 80 to 90~ of radiolabelled gp340 could be eluted from SDS-PAGE, of which up to 75 had retained (or regained) its antigenicity (North et at., 1982a) , the efficacy of larger scale preparative SDS-PAGE was assessed. Cell membrane pellets were solubilized, without heating, in gel sample buffer at a ratio of I ml per 14 mg protein. Portions of 8 mg were loaded into 5 cm wide tracks on 1.5 ram-thick SDS-PAGE (5-5~) and gave clear resolution of protein-staining bands in the region of gp340 despite considerable over-loading of the gels for polypeptides of less than 200000 daltons. The precise location of the polypeptide was obtained using autoradiography of the wet gels and 125I-gp340 as a marker, thus allowing unlabelled gp340 to be excised from the gel. It was found that procedures for antigen renaturation from SDS, which have been successful in work with a variety of enzymes (Hager & Burgess, 1980) , did not permit adequate recovery of antigenic activity in gp340, in agreement with difficulties reported by Strnad et al. (1982) . In contrast, removal of SDS using a procedure developed from the method of Bowen et al. (1980) was highly effective. Portions of the gel were cut into small fragments and incubated at room temperature while being agitated in 5 to 10 vol. of a buffer containing 50 mM-NaC1, 10 mM-Tris-HCt pH 7.4, 2 m~-EDTA, 4 M-urea, 0.1 Triton X-100 and 0-1 mM-dithiothreitol. After 3 h the gel was homogenized and dialysed against 200 vol. of a similar buffer from which urea had been omitted. Following renaturation, the slurry was clarified by centrifugation, and the pelleted gel resuspended in an equal vol. of the urea-free buffer by gentle agitation for several hours, in order to maximize antigen elution. In this method, protein refolding is prevented by urea, which may allow more complete SDS-protein dissociation and thereby assist both the ultimate renaturation of the protein and the recovery of antigenic determinants. Furthermore, the sensitivity of gp340 antigenic determinants to denaturation by SDS demonstrates that the majority of the epitopes recognized by human anti-MA sera do not reside in the carbohydrate portion of the molecules. When the whole of a preparative gel was cut into slices and the proteins in each slice were eluted and renatured, it was found that antigenic activity assessed by the inhibition assay was entirely restricted to the gp340 region in the gel (Fig. 4) . This finding not only clearly confirms that the antigen is exclusively associated with the high mol. wt. polypeptide, but also indicates that the antigen binding assay is not inhibited non-specifically by gel eluates. The yield of gp340 antigen between cell membranes and SDS-PAGE eluate was routinely 25~. For large-scale purification of gp340, B95-8 membranes were therefore fractionated by preparative SDS-PAGE and the renatured gp340 was either affinity-purified on Ricin-agarose or used directly. After dialysis and concentration, overall antigen recovery was routinely 10 to 15~0 or 25~ respectively, representing a 30-to 50-fold increase in efficiency compared to the procedure used for 125I-gp340 preparation.
The ability of rabbits to produce antibodies to gp340 after immunization with various preparations containing the molecule is illustrated in Fig. 5 . In all cases, a strong antibody response was made after multiple immunizations. Comparison of the responses to unpurified antigen with those to purified gp340 shows that only the latter were monospecific, reflecting the successful elimination of other material during the preparation. Furthermore, rabbit antisera to the purified molecules exhibited an equally high specificity when tested against lysates of B95-8 cells in which all proteins had been labelled by the incorporation of [3H]leucine (data not shown); the apparent specificity was thus not a result of selective radioiodination. Similarly, studies using gp340 prepared in this way and incorporated into liposomes, with or without the lipid A component of Escherichia coli lipopolysaccharide, have demonstrated the immunogenicity of gp340 in mice (North et al., 1982b) . These findings therefore show that gp340, purified in good yield by a simple procedure depending on preparative SDS-PAGE, is immunogenic in rabbits and mice. This method is suitable for scaling up and will provide ample material for the Test immunoprecipitations were performed with rabbit sera obtained after immunizations with B95-8 virus particles (track c), B95-8 cellular membranes (track d), material purified by chromatography in Ultrogel AcA22 and Ricinagarose (track e) and gp340 purified by preparative SDS-PAGE followed by elution and renaturation (track g). Samples in tracks a to e were analysed in a separate gel from those in tracks f and g.
complete elucidation of both the structure and function of gp340. The availability of such a highly satisfactory preparative procedure for gp340, together with the recent development of a specific and sensitive radioimmunoassay for monitoring the antigen (North et al., 1982a) and the demonstration of the immunogenicity of gp340-containing liposomes (North et al., 1982 b) , should now open the way for an evaluation of the suitability of this molecule for use as an experimental vaccine against EB virus infection.
